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(57) Disclosed are a method of stirring a solution 
which involves injecting a gas into a sample solution In 
order to perform stirring without using a stirring rod or 
the like when mixing the sample solution with a reagent 



solution, as well as a sample cell provided with an Inlet 
for injecting a gas into a sample solution and an appa- 
ratus for measuring a concentration of a solution em- 
ploying the same. 
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Description 

Technical Field 

[0001] The present invention relates to a method of 
stirring a solution. In particular, the present invention re- 
lates to a stirring method for use in measuring a specific 
component in a sample solution by mixing the sample 
solution with a reagent solution. The stirring method in 
accordance with the present invention is of high practi- 
cal use in that, when applied to a sample cell used in 
measurement of optical characteristics of a sample so- 
lution, it can achieve simplicity, high reliability, compact- 
ness, lower price and the lilce of the sample cell. 

Background Art 

[0002] When the concentration of a sample solution 
is determined by measuring optical characteristics 
thereof, a sample cell is employed, which has such a 
configuration allowing light to propagate through a sam- 
ple solution held therein. This sample cell is made of 
glass or the like and has the shape of a rectangular par- 
allelepiped. Additionally, it is provided with a transparent 
portion at the planes thereof facing each other, so that 
light can propagate though the sample solution. 
[0003] In general, this sample cell is open at the top, 
through which a predetermined amount of a sample so- 
lution is supplied by means of a dropper, pipette, syringe 
or the like. Next, a predetermined amount of a reagent 
solution Is injected, and the sample solution and the re- 
agent solution are unifonnly mixed by stirring with a stir- 
ring rod or by vibration of the sample cell. Then, the con- 
centration of a specific component is determined by 
measuring the optical characteristics. 
[0004] In a method as described above, however, the 
sample solution and the reagent solution are stirred after 
they are mixed, so that it is necessary to operate a stir- 
ring rod or the like. In such a case, the stirring rod might 
cause an obstruction to the measurement of a transmit- 
ted light or scattered light, or the sample cell has to be 
removed from the optical system, thereby resulting in a 
problem that it takes a longer time to start the measure- 
ment after the mixing. This undesirably increases the 
blank time In measurement in the case of measuring a 
transient phenomenon between the sample solution 
and reagent solution from Immediately after mixing 
them. This becomes a great problem especially when 
the reaction rate between the sample solution and rea- 
gent solution is high. 

[0005] Moreover, removal of the sample cell from a 
measurement optical system causes, for example, a 
change in the arrangement of the optical system, there- 
by reducing accuracy in the case of measuring a change 

in the optical characteristics of the sample solution be- 
fore and after it is mixed with the reagent solution. 
[0006] In view of the foregoing problems, it is an object 
of the present invention to provide a stirring method ca- 



pable of uniformly mixing a sample solution and a rea- 
gent solution easily without using a stirring rod and re- 
moving a sample cell, and a sample cell and an appa- 
ratus for measuring a solution concentration. 

5 

Disclosure of Invention 

[0007] The present Invention relates to a method of 
stirring a solution, characterized by injecting a gas into 

10 a solution to stir the solution. 

[0008] In the above-mentioned method, It is effective 
that the volume of the gas Injected into the solution Is 
not less than 1/20 of the voiume of the solution. 
[0009] It Is also effective that a time during which the 

'^5 gas Is injected is within 10 seconds. 

[001 0] Additionally, it is effective that the gas contains 
no carbon dioxide and/or oxygen, it is effective that the 
gas is at least one selected from the group consisting of 
nitrogen, argon and helium. 

20 [001 1 ] The present invention further relates to a sam- 
ple ceil having a configuration capable of holding a sam- 
ple solution whose optical characteristic Is to be meas- 
ured and irradiating the sample solution with light, char- 
acterized by comprising a gas inlet for injecting a gas 

25 for stirring the sample solution. 

[0012] In the above-mentioned sample cell, it is effec- 
tive that the gas inlet is placed at the iowemnost portion 
thereof. 

[001 3] It is also effective that the sample cell compris- 
30 es, at a top portion thereof, an opening for introducing 
the sample solution and/or a reagent solution to be 
mixed with the sample solution. 

[0014] Further, it is effective that the sample cell com- 
prises a switching valve such that a reagent solution to 

35 be mixed with the sample solution, as well as the gas, 
can be injected from the gas inlet, 
[0015] Further, it is effective that the sample cell fur- 
ther comprises a reagent Inlet for Injecting a reagent so- 
lution to be mixed with the sample solution. 

^0 [0016] In the sample cell, it is also effective that the 
reagent inlet is placed above the gas Inlet. 
[0017] Further, in the sample cell, it is effective that 
the gas inlet is placed above a region where the light 
propagates in the sample solution. 

45 [0018] Further, In the sample cell, It Is effective that 
when a predetermined amount of the sample solution is 
held, a distance "h" from a liquid surface of the sample 
solution to a bottom surface of the sample cell and a 
bottom surface area "S" of the sample cell satisfy the 

50 relational expression (1) in a same system of units: 

h>S/10 (1) 

55 [0019] The present invention also relates to an appa- 
ratus for measuring a concentration of a solution, char- 
acterized by comprising: 
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a light source for projecting light to a sample solu- 
tion; 

the above-described sample cell for holding the 
sample solution; 

a photosensor for detecting a light transmitted 
through the sample solution and/or a scattered light 
arisen when the light propagates through the sam- 
ple solution; 

introducing means for introducing the sample solu- 
tion to the sample cell; 

reagent solution Injecting means for injecting a re- 
agent solution into the sample solution in the sam- 
ple cell; 

gas injecting means for injecting the gas into the 
sample solution In the sample cell; and 
a computer for controlling the introducing means, 
the reagent solution injecting means and the gas 
injecting means and for analyzing an optical char- 
acteristic of the sample solution based on an output 
signal from the photosensor. 

Brief Description of Drawings 

[0020] 

FIG. 1 is a diagram showing a configuration of a 
sample cell in accordance with the present inven- 
tion. 

FIG. 2 Is a top plan view of a skeleton 1 of the sam- 
ple cell shown in FIG. 1 . 

FIG. 3 is a graph showing the relationship between 
the time elapsed after mixing of a reagent solution 
and the transmitted light intensity. 
FIG. 4 is another graph showing the relationship be- 
tween the time elapsed after mixing of a reagent so- 
lution and the transmitted light intensity. 
FIG. 5 is a graph showing the relationship between 
the output signal from a photosensor 8 upon the 
elapse of 360 seconds after mixing of a reagent so- 
lution and the protein concentration of each of sam- 
ple solutions. 

FIG. 6 is a diagram showing a configuration of an- 
other sample cell in accordance with the present in- 
vention. 

FIG. 7 is a top plan view of a skeleton 1 4 of the sam- 
ple cell shown in FIG. 6. 

FIG. 8 is a diagram showing a configuration of still 
another sample cell in accordance with the present 
invention. 

FIG. 9 is atop plan view of a skeleton 14 of the sam- 
ple cell shown in FIG. 8. 

FIG. 1 0 Is a graph showing the relationship between 
the time elapsed after mixing of a reagent solution 
and the scattered light intensity. 

Best Mode for Carrying Out the Invention 

[0021] In the following, embodiments of the present 



invention are described in detail by reference to draw- 
ings; however, the present invention is not limited there- 
to. 

5 Embodiment 1 

[0022] In the following, an embodiment of the present 
invention is described in detail by reference to FIG. 1 . 
[0023] Referring to FIG. 1 , a skeleton 1 of a sample 

10 ceil in accordance with the present invention comprises 
a container in the shape of a rectangular parallelepiped 
which is made of aluminum and has an opening open 
upwards at the top. Additionally, a glass plate serving 
as an optical window (not shown) is embedded on both 

15 ends of the optical path, so that the sample cell allows 
light to transmit through a sample solution while holding 
the sample solution. FIG. 1 is a diagram showing a con- 
figuration of a sample cell in accordance with the 
present invention. 

20 [0024] The distance in the major axis direction of this 
container, that is, the distance between the optical win- 
dows is 5 cm. In addition, the distance in the minor axis 
direction thereof is 1 cm. As shown in FIG. 2, at the low- 
ermost part of the skeleton 1 of the sample cell, an inlet 

25 2 is disposed at the side where no optical window is pro- 
vided. Herein, FIG. 2 is a top plan view of the skeleton 

1 of the sample cell shown in FIG. 1 . Practically, the skel- 
eton 1 corresponds to the sample cell. 

[0025] Further, the sample cell in accordance with the 

30 present invention comprises a funnel 3 for temporarily 
trapping a sample solution, an electromagnetic valve 4 
for controlling dropping of the sample solution trapped 
in the funnel 3 into the sample cell, a pipette 5 for drop- 
ping a predetermined amount of a reagent solution into 

35 the sample solution and a semiconductor laser module 
6 which is a light source. The semiconductor laser mod- 
ule 6 projects a substantially parallel light 7 having a 
wavelength of 780 nm, strength of 3.0 mW and a beam 
diameter of 2.0 mm. The optical axis of this substantially 

40 parallel light 7 is in parallel with the bottom surface of 
the skeleton 1 of the sample cell, and is located at a 
distance of 4 mm from the bottom surface. The inlet 2 
has an inside diameter (diameter) of 2.0 mm, and is 
placed below the substantially parallel light 7, as shown 

45 in FIG. 1. 

[0026] Further, the sample cell in accordance with the 
present invention comprises a photosensor 8 for detect- 
ing a light transmitted through the sample solution and 
a computer 9 for analyzing the output signal from the 
50 photosensor 8 and for controlling the electromagnetic 
valve 4, pipette 5 and light source 6. 
[0027] In addition, a pump 1 0 injects air from the Inlet 

2 into the sample solution, through a tube 1 1 . This pump 
1 0 is controlled by the computer 9. Herein, FIG. 1 sche- 

55 matlcally illustrates bubbles 12, which are generated 
when air is injected from the inlet 2. 
[0028] The lowermost part of a liquid surface 1 3 of the 
sample solution is located at a height of "h" from the bot- 
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torn surface of the skeleton 1 of the sample cell. This 
skeleton 1 of the sample cell has radius corners at the 
corners on the inner wall thereof. In other words, the 
corners are not strictly right-angled, so that the "h" is 1 
cm when 5 ml of the sample solution is held. 
[0029] The following shows an example In which pure 
water is used as a sample solution and a dispersion pre- 
pared by uniformly dispersing polystyrene particles hav- 
ing a mean particle diameter of 20 nm in pure water, is 
used as a reagent solution. 

[0030] The polystyrene particles have a specific grav- 
ity close to that of pure water, and also have a small 
particle size. Accordingly, a phenomenon such as pre- 
cipitation is not observed in the measurement time de- 
scribed in the present invention. Dropping this reagent 
solution intothe sample solution (pure water) causes the 
particles to be diffused into the sample solution, thereby 
opacifying the entire sample solution. The degree of this 
opacity, i.e., the turbidity, is measured as a transmitted 
light Intensity based on the output signal from the pho- 
tosensor 8. 

[0031] As such, opacifying of a solution containing 
fine particles caused by diffusion is not accompanied by 
any chemical reaction. Therefore, the turbidity of the en- 
tire sample solution solely depends on the degree of dif- 
fusion of the reagent solution, so that It is not necessary 
to take the reaction rate into consideration. In other 
words, the fact that the turbidity has stabilized at a cer- 
tain value means that the fine particles have been suf- 
ficiently diffused and thus uniformly dispersed in the en- 
tire solution. Because of the foregoing, when confirming 
a stirring effect, It is convenient to mix with the sample 
solution, a dispersion containing fine particles as a rea- 
gent solution to measure the turbidity, 
[0032] According to this embodiment, a method of the 
present invention was performed as follows. 
[0033] First, pure water containing no fine particles 
such as dusts was charged as a sample solution into 
the funnel 3 for trapping, and then the computer 9 con- 
trolled the electromagnetic valve 4 to introduce the sam- 
ple solution trapped In the funnel 3 Into the sample cell. 
Herein, the predetermined amount of the sample solu- 
tion to be introduced was 4.5 ml, and the "h" was less 
than 10 mm. Then, the computer 9 controlled the pipette 
5 to drop 0.5 ml of the above-described reagent solution 
into the skeleton 1 of the sample cell, thereby mixing It 
with the sample solution. As a result, 5 ml of fluid was 
held in the sample cell, and the "h" became 10 mm. 
[0034] At the same time, the computer 9 started re- 
cording the output signal from the photosensor 8. The 
change with time of the output signal from the photosen- 
sor 8 was shown in FIG. 3. The relationship between the 
time elapsed after mixing of the reagent solution and the 
output signal (transmitted light intensity) from the pho- 
tosensor 8 was denoted In the graph of FIG. 3. Upon the 
elapse of 10 seconds after mixing of the reagent solu- 
tion, the computer 9 controlled the pump 10 to inject 5 
ml of air from the inlet 2 in two seconds. The output sig- 



nal from the photosensor 8 in the case of injecting air in 
this manner were denoted by the solid line "a" in FIG. 3. 
[0035] Then, in the case of measuring the concentra- 
tion of a specific component in the sample solution, the 

5 computer 9 analyzed the output signal from the photo- 
sensor 8 obtained after mixing of the reagent solution, 
denoted by this solid line, to calculate the concentration 
of the sample solution. This solid line significantly 
changed at around the time of injecting air, that is. upon 

10 the elapse of 1 0 seconds after mixing of the reagent so- 
lution. The reason was that the injected air entered the 
optical path of the substantially parallel light 7, thereby 
obstructing the optical path. 

[0036] Additionally, the output signal from the photo- 

15 sensor 8 in the case of not injecting air in the above- 
described manner was denoted by the dotted line "b" in 
FIG. 3. This dotted line overlapped the solid line until 1 0 
seconds had elapsed after mixing of the reagent solu- 
tion; however, after the elapse of 10 seconds, the de- 

20 creasing rate of the output signal from the photosensor 
8 shown by the dotted line was lower than that shown 
by the solid line. This was because there was no stirring 
action caused by injection of air and thus the fine parti- 
cles were spread only by diffusion action. Accordingly, 

25 as shown in FIG. 3, the output signal from the photosen- 
sor 8 was approximately 0.55 V upon the elapse of 60 
secondsaftermixingof the reagentsolution, and the sig- 
nal did not stabilize, continuing to decrease further. 
[0037] On the other hand, In the case of injecting air, 

50 shown by the solid line, the output signal from the pho- 
tosensor 8 was approximately 0.11 V upon the elapse 
of 60 seconds, and the signal decrease was saturated, 
indicating that the sample solution had sufficiently sta- 
bilized. Similarly, in the case of sufficiently stirring with 

35 a stirring rod or the like, the output signal from the pho- 
tosensor 8 stabilized at approximately 0.11 V. In other 
words, by Injecting air to perform stirring as in this em- 
bodiment, It was possible to achieve a stirring effect 
equivalent to that obtained in the case of sufficiently stir- 

40 ring with a stirring rod or the like. 

[0038] It should be noted that, although 5 ml of air was 
injected in two seconds in the cases described above, 
a similar stirring effect was achieved when air was in- 
jected in a volume of not less than 1/20 of that of the 

45 sample solution, i.e., not less than 0.25 ml, within 10 
seconds, and a greater stirring effect was achieved by 
injecting a larger amount of air In a shorter time. 
[0039] Herein, when the amount of the injected air 
was less than 1/20 of the amount of the sample solution, 

50 a sufficient stirring effect was not achieved. Also, when 
air was injected in a time longer than 1 0 seconds, a suf- 
ficient stirring effect was not achieved even if the amount 
of the injected air was more than 1/20 of the amount of 
the solution. 

55 [0040] Additionally, the larger the amount of the inject- 
ed gas, the greater the stirring effect obtained, as long 
as the amount was such that a decrease in the amount 
of the sample solution due to vaporization of the sample 
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solution did not present a practical problem. 
[0041] Further, the bottom surface area S of the skel- 
eton 1 of the sample cell was 5 cm^ (1 cm x 5 cm), and 
the distance "h" from the bottom surface to the lower- 
most part of the liquid surface of the sample solution 
was 1 cm. When compared in a same system of units, 
i.e., the centimeter system, it is preferable that the bot- 
tom surface area "S" and the distance "h" satisfy the re- 
lational expression (1): 

h = 1>S/10 = 0.5 (1) 

[0042] Herein, when the bottom surface area "S" rel- 
ative to the distance "h" was greater than that shown 
above and thus the expression (1) was not satisfied, a 
sufficient stirring effect could not be achieved. 
[0043] Further, in this embodiment, the inlet 2 was 
placed at a position in contact with the bottom surface 
of the skeleton 1 of the sample cell, as shown in FIG. 1 . 
This made it possible to utilize the nature of bubbles to 
move upwards, thereby Improving the stirring efficiency. 
[0044] The above-described insufficient stirring effect 
means that fine particles were not uniformly mixed and 
thus no substantial stirring effect was obtained as com- 
pared with the case where only dropping was per- 
formed. For example, It means that fine particles were 
not uniformly mixed and thus the output signal of the 
photosensor 6 did not stabilize at a predetermined value 
upon the elapse of 60 seconds after mixing of the rea- 
gent solution, as shown in this embodiment. 
[0045] As described above, according to this embod- 
iment, it is possible to stir a solution without using a stir- 
ring rod and removing a sample cell from an optical sys- 
tem. This can simplify the measurement steps and pre- 
vent malfunction from occurring, thereby providing an 
extremely great practical effect and realizing a greater 
efficiency and laborsaving of a measurement and a test. 

Embodiment 2 

[0046] In this embodiment, an example is shown, in 
which the protein concentration in a sample solution is 
measured using a sample cell having the configuration 
shown in FIG. 1 of Embodiment 1 and a sulfosalicyllc 
acid reagent solution (reagent prepared by dissolving 
sodium sulfate in 2-hydroxy-5-sulfobenzolc acid aque- 
ous solution) as a reagent solution. 
[0047] In this case, mixing the sample solution with 
the sulfosalicyllc acid reagent solution causes protein 
components in the sample solution to be agglomerated, 
thereby opacifying the entire sample solution; therefore, 
the protein concentration is detemriined by measuring 
the degree of this opacity, that is, the turbidity. Herein, 
the turbidity is measured as a transmitted light intensity, 
i.e., an output signal from the photosensor 8. The higher 
the protein concentration, the higher the turbidity and 
therefore the smaller the output signal of the photosen- 



sor 8 becomes. Unlike Embodiment 1 , in this embodi- 
ment, the generation rate of turbidity, i.e., the rate of 
change of the output signal from the photosensor 8 is 
influenced not only by the diffusion state of the reagent 

5 solution, but also by the agglomeration rate. 

[0048] According to this embodiment, a method of the 
present Invention was performed as follows. 
[0049] First, an aqueous solution having a protein 
concentration of 100 mg/dl was charged as a sample 

^0 solution into the funnel 3 fortrapping, and then the com- 
puter 9 controlled the electromagnetic valve 4 to intro- 
duce the sample solution trapped in the funnel 3 into the 
skeleton 1 of the sample cell. Herein, the amount of the 
injected sample solution was 4.5 ml, and the "h" was 

15 less than 10 mm. Then, the computer 9 controlled the 
pipette 5 to drop 0.5 ml of the sulfosalicyllc acid reagent 
solution into the skeleton 1 of the sample cell, thereby 
mixing it with the sample solution. As a result, 5 mi of 
fluid was held in the sample cell, and the "h" became 1 0 

20 mm. 

[0050] At the same time, the computer 9 started re- 
cording the output signal from the photosensor 8. The 
change with time of the output signal from the photosen- 
sor 8 was shown in FIG. 4. The relationship between the 

25 time elapsed after mixing of the reagent solution and the 
output signal from the photosensor 8 (transmitted light 
intensity) was denoted in the graph of FIG. 4. Upon the 
elapse of 60 seconds after mixing of the reagent solu- 
tion, the computer 9 controlled the pump 10 to inject 5 

30 ml of air from the inlet 2 in two seconds. The output sig- 
nal from the photosensor 8 in the case of injecting air in 
this manner were denoted by the solid line "c" in FIG. 4. 
[0051] Then, in the case of measuring the concentra- 
tion of a specific component In the sample solution, the 

35 computer 9 analyzed the output signal from the photo- 
sensor 8 obtained after mixing of the reagent solution, 
denoted by this solid line, to calculate the concentration 
of the sample solution. This solid line significantly 
changed at around the time of injecting air, that Is, upon 

40 the elapse of 60 seconds after mixing of the reagent so- 
lution, and the reason was that the injected air entered 
the optical path of the substantially parallel light 7, there- 
by obstructing the optical path. 

[0052] Additionally, the output signal from the photo- 
45 sensor 8 in the case of not injecting air in the above- 
described manner were denoted by the dotted line "d" 
in FIG. 4. This dotted line overlapped the solid line until 
60 seconds had elapsed after mixing of the reagent so- 
lution; however, after the elapse of 60 seconds, the de- 
50 creasing rate of the output signal from the photosensor 
8 shown by the dotted line was lower than that shown 
by the solid line. This was because there was no stirring 
action by injection of air. Accordingly, as shown in FIG. 
4, the output signal from the photosensor 8 was approx- 
55 imately 0.4 V upon the elapse of 360 seconds after mix- 
ing of the reagent solution, and the signal did not stabi- 
lize, continuing to decrease further. On the other hand, 
in the case of injecting air, shown by the solid line, the 
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output signal from the photosensor 8 was approximately 
0.1 V upon the elapse of 360 seconds, and the signal 
decrease was saturated, so that the signal had suffi- 
ciently stabilized. When the above-mentioned sample 
solution having a protein concentration of 1 00 mg/dl was 5 
used, the output signal from the photosensor 8 stabi- 
lized at approximately 0.1 V, even in the case of suffi- 
ciently stirring with a stirring rod or the like. 
[0053] Further, a similar measurement was per- 
formed using aqueous solutions having respective pro- io 
tein concentrations of 0 mg/dl, 2.5 mg/dl, 5 mg/dl, 15 
mg/dl, 30 mg/dl and 60 mg/dl as sample solutions. For 
each of these sample solutions, the relationship be- 
tween the output signal of the photosensor 8 upon the 
elapse of 360 seconds after mixing of the reagent solu- ^5 
tlon and the protein concentration was shown in FIG 5. 
As shown in the solid line in FIG. 5, a straight line could 
be drawn by connecting the respective points, and It was 
possible to measure the protein concentration with high 
accuracy by using this straight line as a calibration line. 20 
The accuracy of this measurement was nearly equal to 
that in the case of sufficiently stirring with a stirring rod 
or the like. In the case of not injecting air, the respective 
points were not on a straight line, and the reproducibility 
and accuracy of the measurement were low. 25 
[0054] By injecting air to perform stirring as in this em- 
bodiment, it Is possible to achieve a stirring effect equiv- 
alent to that obtained in the case of sufficiently stirring 
with a stirring rod or the like, thereby realizing a highly 
accurate measurement. 30 

Embodiment 3 

[0055] In Embodiment 3, a detailed description is 
made forthe case of using the sample cell shown in FIG. 35 

6. Herein, FIG. 7 is a schematic top plan view of a skel- 
eton 14 of the sample cell shown in FIG. 6. 

[0056] Numerals 2, 6, 7, 8. 9, 10, 12 and 13 In FIG. 6 
denote the same elements denoted by numerals 2, 6, 

7, 8, 9, 10, 12 and 13 In FIG. 1 of Embodiment 1. 40 
[0057] The skeleton 1 4 of the sample cell In accord- 
ance with the present invention shown In FIG. 6 is a con- 
tainer in the shape of a rectangular parallelepiped which 

is made of aluminum and has a funnel-like opening 15 
open upwards at the top, and a glass plate serving as 45 
an optical window (not shown) is embedded on both 
ends of the optical path, so that the sample cell allows 
light to transmit through a sample solution while holding 
the sample solution. 

[0058] For example, the distance in the propagation 50 
direction of light of this container, that is, the distance 
between the optical windows is 1 0 mm, and the distance 
in a direction perpendicular to the above-mentioned 
propagation direction is 10 mm. As in FIG. 1 , an inlet 2 
Is disposed in contact with the bottom surface of the 55 
skeleton 14 of the sample cell. 

[0059] Additionally, in the sample cell shown in FIG. 
6, a pipette 16 for Injecting a predetermined amount of 



reagent solution through an inlet 1 7 into the skeleton 1 4 
of the sample cell, is controlled by a computer 9. The 
inlet 1 7 has an inside diameter (diameter) of 2 mm, and 
the pipette 1 6 is placed above the inlet 2 and below the 
substantially parallel light 7, as shown in the figure. 
Herein, FIG. 7 is a top plan view of the skeleton 14 of 
the sample cell shown in FIG. 6. 

[0060] According to this embodiment, a method of the 
present invention was performed as follows. 
[0061] In this embodiment, an aqueous solution of an 
albumin was used as a sample solution, and an aqueous 
solution containing a polyclonal antibody capable of 
binding to the albumin was used as a reagent solution. 
Mixing the above-described sample solution and rea- 
gent solution caused albumin molecules to be agglom- 
erated via the antibody, thereby opacifying the entire so- 
lution. The albumin concentration could be determined 
by measuring the degree of this opacify based on the 
transmitted light. 

[0062] In the sample cell shown in FIG. 6, it was pos- 
sible to determine the albumin concentration based on 
the output signal from the photosensor 8. Specifically, 
the higher the albumin concentration, the smaller the 
output signal from the photosensor 8 became. 
[0063] First, 1 .5 ml of a sample solution having an al- 
bumin concentration of 1 .0 mg/dl was charged through 
the opening 15 into the sample cell. Next, the computer 
9 controlled the pipette 1 6 to inject 1 .5 ml of the reagent 
solution into the skeleton 14 of the sample cell. Conse- 
quently, 3 ml of solution was held In the skeleton 14 of 
the sample cell, and at this time, the distance "h" from 
the bottom surface to the lowermost portion of the liquid 
surface was 3 cm in the skeleton 14 of the sample cell. 
[0064] At the same time when the reagent solution 
was injected, the computer 9 started recording the out- 
put signal from the photosensor 8. Upon the elapse of 
60 seconds after mixing of the reagent solution, the 
computer 9 controlled the pump 10 to inject 0.15 ml of 
nitrogen from the Inlet 2 in five seconds. As was the case 
with the solid line in FIG. 4, the output signal from the 
photosensor 8 in the case of injecting nitrogen in this 
manner sufficiently stabilized upon the elapse of 360 
seconds after injection of the reagent solution, so that a 
stirring effect could be confirmed. Based on the stabi- 
lized output signal from the photosensor 8, it was pos- 
sible to determine the albumin concentration. 
[0065] On the other hand, as was the case with the 
dotted line in FIG. 3, the output signal in the case of not 
Injecting nitrogen did not stabilize even upon the elapse 
of 360 seconds after injection of the reagent solution, 
continuing to decrease further. From the above, it was 
shown that a clear stirring effect could be obtained by 
injecting nitrogen. 

[0066] It should be noted that the inlet 1 7 for reagent 
solution was placed above the inlet 2 for nitrogen in this 
embodiment, and this placement achieved the following 
effects. Since bubbles of nitrogen had a specific gravity 
sufficiently lower than that of the sample solution, buoy- 
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ancy caused them to move upward from the point of in- 
jection. Further, although the injected reagent solution 
remained in the vicinity of the inlet 17, placing the inlet 
for nitrogen below the inlet 1 7 allowed the nitrogen bub- 
bles being rising by buoyancy to pass through the area 
where the reagent solution remained, thereby Increas- 
ing the stirring effect. 

[0067] Additionally, nitrogen, in place of air, was In- 
jected as a gas in this embodiment, in contrast with Em- 
bodiments 1 and 2. Unlike the case of injecting air where 
dissolution of ca±)on dioxide in the solution changed the 
pH of the entire solution to alter the characteristics of 
the antigen-antibody reaction, injecting nitrogen in the 
above-described manner caused no decrease in accu- 
racy when measuring the concentration. 
[0068] Moreover, it also caused no decrease in accu- 
racy of the turbidity measurement, which could have 
been resulted from opacifying of the entire solution due 
to the generation of carbonate by dissolution of carbon 
dioxide In the solution and the subsequent precipitation 
thereof. Furthermore, unlike the case of injecting air, it 
did notcause any change in optical characteristics, such 
as a decrease in fluorescence yield due to an increase 
in concentration of the residual oxide by dissolution of 
oxide in the solution. It should be noted that a similar 
effect was obtained with argon and helium, besides ni- 
trogen. A similar effect was also achieved by a mixed 
gas of these. 

[0069] As described above, according to this embod- 
iment, it is possible to stir a solution without using a stir- 
ring rod and removing a sample cell from an optical sys- 
tem. Furthermore, there is no change occurred in the 
pH , residual oxide concentration and the like of the sam- 
ple solution, with no generation of turbidity not attributed 
to a specific substance to be measured; accordingly, it 
is possible to realize a highly accurate measurement, 
thereby providing an extremely great practical effect and 
achieving a greater efficiency and laborsaving of a 
measurement and a test. 

Embodiment 4 

[0070] In the following, Embodiment 4 In accordance 
with the present Invention is described in detail by ref- 
erence to FIG. 8. 

[0071] Numerals 6, 7. 9, 10, 12, 13, 14, 15 and 16 in 
FIG. 8 denote the same elements denoted by numerals 
6. 7, 9. 1 0. 1 2. 1 3, 1 4, 1 5 and 1 6 in FIG. 6 of Embodiment 
3. 

[0072] In the sample cell shown in FIG. 8, an inlet 1 8 
for gas and reagent solution is located above a substan- 
tially parallel light 7, and the inside diameter (diameter) 
thereof is 2 mm. A computer 9 controls a switching valve 
1 9 so as to connect a pump 1 0 to the Inlet 1 8 when sup- 
plying a gas, and to connect a pipette 1 6 to the inlet 1 8 
when supplying a reagent solution. A photosensor 20 
detects a scattered light 21 arisen when the substantial- 
ly parallel light 7 propagates through the sample solu- 



tion. As shown in FIG. 9, the photosensor 20 detects 
mainly a scattered light propagating in a direction per- 
pendicular to the propagation direction of the substan- 
tially parallel light 7. Herein, FIG. 9 is a top plan view of 
5 a skeleton 14 of the sample cell shown in FIG. 8. 

[0073] According to this embodiment, a method of the 
present Invention was performed as follows. 
[0074] In this embodiment, as in embodiment 3, an 
aqueous solution of an albumin was used as a sample 

fo solution, and an aqueous solution containing a polyclo- 
nal antibody capable of binding to the albumin was used 
as a reagent solution. Mixing the above-described sam- 
ple solution and reagent solution caused albumin mol- 
ecules to be agglomerated via the antibody, thereby 

15 opacifying the entire solution. The albumin concentra- 
tion could be detemnined by measuring the degree this 
opacity based on the scattered light. 
[0075] In the sample cell shown in FIG. 8, it was pos- 
sible to determine the albumin concentration based on 

20 the output signal from the photosensor 20. Specifically, 
the higher the albumin concentration, the greater the 
output signal from the photosensor 20 became. 
[0076] First, 1 .0 ml of a sample solution having an al- 
bumin concentration of 1 .0 mg/dl was charged through 

25 an opening 1 5 into the sample cell. Next, the computer 
9 controlled the pipette 1 6 and the switching valve 1 9 to 
Inject 1 .0 ml of a reagent solution from the inlet 18 Into 
the skeleton 14 of the sample cell. Consequently, 2 ml 
of solution was held in the skeleton 14 of the sample 

30 cell, and at this time, the distance "h" from the bottom 
surface to the lowermost portion of the liquid surface 
was 2 cm in the skeleton 14 of the sample cell. At the 
same time when the reagent solution was injected, the 
computer 9 started recording the output signal from the 

35 photosensor 20. 

[0077] The output signal from the photosensor 20 is 
shown in FIG. 10. FIG. 10 is a graph showing the rela- 
tionship between the time elapsed after mixing of the 
reagent solution and the output signal from the photo- 

40 sensor 20 (scattered light intensity). Upon the elapse of 
60 seconds after mixing of the reagent solution, the 
computer 9 controlled the pump 10 and the switching 
valve 1 9 to inject 0.15 ml of nitrogen from the inlet 1 8 in 
five seconds. The output signal from the photosensor 

-^5 20 in the case of injecting nitrogen in this manner was 
denoted by the solid line "e" in FIG. 1 0. As was the case 
with the solid line "c" in FIG. 4, the output-signal suffi- 
ciently stabilized upon the elapse of 360 seconds after 
injection of the reagent solution, so that a stirring effect 

50 could be confirmed. The albumin concentration was de- 
termined based on this stabilized output signal from the 
photosensor 20. 

[0078] Meanwhile, the result obtained In the case of 
not injecting nitrogen is denoted by the dotted line "f in 
55 FIG. 1 0. As was the case with the dotted line "d" in FIG. 
4, the output signal did not stabilize even upon the 
elapse of 360 seconds after injection of the reagent so- 
lution, continuing to decrease further. Herein, this dotted 
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line overlapped the solid line until 60 seconds had 
elapsed after mixing of the reagent solution. By injecting 
nitrogen in the above-described manner, it was possible 
to uniformly mix the sample solution and reagent solu- 
tion, thereby promoting the antigen-antibody reaction. 
From the above, It was shown that a clear stirring effect 
could be obtained by Injecting nitrogen. 
[0079] It should be noted that the inlet 1 8 for reagent 
solution was placed above the substantially parallel light 
7 in this embodiment, and this placement achieved the 
following effect. 

[0080] Specifically, since bubbles of nitrogen had a 
specific gravity sufficiently lower than that of the solu- 
tion, buoyancy caused them to move upward from the 
point of injection. Accordingly, placing the inlet 1 8 above 
the substantially parallel light 7 prevented the bubbles 
from entering the optica! pathof the substantially parallel 
light 7. thereby causing no obstruction to the measure- 
ment of the scattered light. 

[0081] Further, no significant change In the output sig- 
nal from the photosensor, caused by the gas bubbles 
obstructing the optical path, was observed at time points 
of injecting the gas, such as those shown in FIGS. 3 and 
4 (upon the elapse of 1 0 seconds and 60 seconds after 
mixing of the reagent solution, respectively). This 
showed that the above-described placement had short- 
en a time during which it was impossible to conduct 
measurement when continuously measuring a transient 
phenomenon in a reaction, and thus was advantageous. 
[0082] Moreover, using the inlet for reagent solution 
also as the inlet for gas provided the following stirring 
effect. Although the injected reagent solution remained 
in the vicinity of the Inlet 1 8, nitrogen was supplied from 
this inlet to allow the bubbles to pass through the area 
where the reagent solution remained, thereby increas- 
ing the stirring effect. Additionally, the amount, space 
and the like of the sample solution could be made small- 
er in this embodiment, as compared with those in Em- 
bodiment 3 in which separate inlets were provided for 
the gas and the reagent solution. 
[0083] As described above, according to this embod- 
iment, it is possible to stir a solution without using a stir- 
ring rod and removing a sample cell from an optical sys- 
tem. This is particularly advantageous when continu- 
ously measuring a reaction between a specific sub- 
stance and a reagent solution. Further, it is possible to 
reduce the volume and size of a sample cell, thereby 
providing an extremely great practical effect. 

Industrial Applicability 

[0084] As described above, the present invention 
eliminates the need for stirring with a stirring rod or the 
like, thereby providing a great practical effect and real- 
izing a greater efficiency and laborsaving of a measure- 
ment and a test. Moreover, the present Invention pro- 
vides an extremely practical effect because it makes it 
possible to continuously measure a reaction between a 



specific component and a reagent solution in a sample 
solution. Accordingly, the method of stirring a solution 
and sample cell in accordance with the present inven- 
tion can be effectively employed, for example, in a test 
^ which requires mixing and stirring of a solution with a 
reagent and the like. 

Claims 

10 

1. A method of stirring a solution, characterized by 
injecting a gas into a solution to stir said solution. 

2. The method of stirring a solution in accordance with 
"IS claim 1 , characterized in that the volume of said 

gas Injected into said solution is not less than 1/20 
of the volume of said solution. 

3. The method of stirring a solution in accordance with 
20 claim 1 , characterized in tliat a time during which 

said gas is injected is within 10 seconds. 

4. The method of stirring a solution in accordance with 
claim 1 , characterized in that said gas contains no 

25 carbon dioxide and/or oxygen. 

5. The method of stirring a solution in accordance with 
claim 1 , cliaracterized in that said gas is at least 
one selected from the group consisting of nitrogen, 

30 argon and helium. 

6. A sample cell having a configuration capable of 
holding a sample solution whose optical character- 
istic is to be measured and irradiating said sample 

35 solution with light, characterized by comprising a 

gas inlet for Injecting a gas for stirring said sample 
solution. 

7. The sample ceil in accordance with claim 6, char- 
ge acterized in that said gas inlet is placed at the low- 
ermost portion thereof. 

8. The sample cell in accordance with claim 6, char- 
acterized by comprising, at a top portion thereof, 

45 an opening for introducing said sample solution 

and/or a reagent solution to be mixed with said sam- 
ple solution. 

9. The sample cell in accordance with claim 6, char- 
50 acterized by comprising a switching valve such that 

said reagent solution to be mixed with said sample 
solution, as well as said gas, can be injected from 
said gas inlet. 

55 10. The sample cell in accordance with claim 6, char- 
acterized by further comprising a reagent inlet for 
injecting a reagent solution to be mixed with said 
sample solution. 
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11. The sample cell in accordance with claim 10, char- 
acterized in that said reagent inlet is placed above 
said gas inlet. 

12. The sample cell in accordance with claim 6, char- 
acterized in that said gas inlet is placed above a 

region where said light propagates in said sample 
solution. 

13. The sample cell in accordance with claim 6, char- 
acterized in that, when a predetermined amount 
of said sample solution is held, a distance "h" from 
a liquid surface of said sample solution to a bottom 
surface of said sample cell and a bottom surface 
area "S" of said sample cell satisfy the relational ex- 
pression (1) in a same system of units: 



h > S/1 0 



(1) 



14. An apparatusfor measuring a concentration of a so- 
lution, characterized by comprising: 

a light source for projecting light to a sample 
solution; 

said sample cell in accordance with any one of 
claims 6 to 1 3 for holding said sample solution; 
a photosensor for detecting a light transmitted 
through said sample solution and/or a scattered 
light arisen when said light propagates through 
said sample solution; 

introducing means for introducing said sample 
solution to said sample cell; 
reagent solution injecting means for injecting a 
reagent solution into said sample solution in 
said sample cell; 

gas Injecting means for injecting said gas into 
said sample solution in said sample cell; and 
a computer for controlling said introducing 
means, said reagent solution injecting means 
and said gas injecting means and for analyzing 
an optical characteristic of said sample solution 
based on an output signal from said photosen- 
sor. 
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which said gas is injected is within 10 seconds. 

4. The method of stirring a solution in accordance 
with claim 1, characterized in that said gas con- 
tains no carbon dioxide and/or oxygen. 

5. The method of stirring a solution in accordance 
with claim 1 , characterized in that said gas Is at 
least one selected from the group consisting of ni- 
trogen, argon and helium. 

6. A sample cell having a configuration capable of 
holding a sample solution whose optical character- 
istic is to be measured and irradiating said sample 
solution with light, characterized by comprising a 
gas inlet for injecting a gas for stirring said sample 
solution. 

7. The sample cell in accordance with claim 6, char- 
acterized in that said gas inlet is placed at the low- 
ermost portion thereof. 

8. The sample cell in accordance with claim 6, 



1 . (amended). A method of stirring a solution, char- 
acterized by injecting a gas into a solution to stir 
said solution, the volume of said gas injected into 
said solution being not less than 1/20 of the volume 
of said solution. 
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2. (cancelled). 

3. The method of stirring a solution in accordance 
with claim 1 , characterized in that a time during 
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